Objective. Risk factors for underimmunization at 3 months of age are not well described. This study examines coverage rates and factors associated with underimmunization at 3 months of age in four medically underserved areas.
Immunization rates for preschool children in the United States in 1998-1999 were the highest levels ever reported. 1, 2 Despite this national success, coverage in some urban areas has remained significantly below the national average. 3 Lower vaccination coverage in these areas compromises the benefits of herd immunity and places under-immunized children at elevated risk of disease. Previous studies have examined risk factors for underimmunization among young children. [4] [5] [6] [7] A late start for the initial vaccination series (i.e., not upto-date [UTD] at age 3 months) has been found to be associated with underimmunization later in childhood. [8] [9] [10] [11] The ability to identify children at higher risk for a late start would enable immunization programs to target interventions to vulnerable children early in life, when the risk of complications for vaccine-preventable diseases is highest 12, 13 and the risk of exposure is significant from unimmunized or underimmunized siblings. 14 With this focus in mind, we examined vaccination coverage and risk factors for underimmunization at 3 months using data from the baseline immunization survey of the Community Health Network Childhood Immunization Demonstration Project (CHN). CHN was a five-year demonstration project that focused on raising preschool vaccination coverage levels in four federally designated Health Professional Shortage Areas (HPSAs). HPSAs are defined as areas where the patient-to-provider ratio is 3,500 or more to one, areas adjoining these areas, or areas where the mean travel time to the closest provider is more than 30 minutes. 15, 16 CHN began in 1997, several years before the vaccine shortage of late 2000 to mid-2003 that affected the supply of vaccines against diphtheria, tetanus, pertussis, measles, mumps, rubella, varicella, and pneumonia.
METHODS
CHN communities included northern Manhattan, Detroit, San Diego, and rural Colorado. Rural Colorado consisted of four counties that were neither urban nor suburban-two in the southern part of the state and two in the northeast. The survey was sponsored by the Centers for Disease Control and Prevention (CDC) and approved by the CDC Institutional Review Board.
Survey design and data collection
Cross-sectional baseline surveys were conducted in 1997-1998 using a two-stage cluster sample design. In the first stage, 1990 census blocks were used to partition each study site into segments. A sample of segments was then systematically selected, with probability of selection proportional to segment size (i.e., number of dwelling units). In the second stage, larger segments were partitioned into approximately equal smaller-sized segments, from which one was randomly chosen for house-to-house surveys. The number of survey segments at each site was as follows: 1,332 in northern Manhattan; 4,687 in San Diego; 4,034 in Detroit; and 383 in rural Colorado. The mean number of dwelling units per segment was 159 in northern Manhattan, 62 in San Diego, 59 in Detroit, and 71 in rural Colorado. Attempts were made to screen all households in each survey area to identify all children. A questionnaire was administered through an in-person interview with a parent (or child's primary caregiver) willing to participate in the study. 17
Survey instrument
The interviews collected information related to demographic characteristics of the child and the adult respondent; respondent's knowledge, attitudes, and practices associated with immunizations; family socioeconomic characteristics; household poverty status; WIC participation during the first year of life; and the child's immunization providers' contact information as well as immunization history from hand-held vaccination cards. At all sites, Ͼ95% of respondents were the children's mothers.
Race/ethnicity was collected for the child and the adult respondent. The categories offered were American Indian, Asian, black, Hispanic, white, and other; these categories were collapsed into black, Hispanic, white, and other for the analyses reported here. Marital status was collected for the respondent. Participation in the Food Stamp program was defined as anyone in the child's household having received Food Stamps within the past year. The child's health insurance status was ascertained as of the time of the survey. Poverty was defined as annual household income at or below the federal poverty level, a measure that takes into account income as well as the number of people in the household. 18 Similarly, severe poverty was defined as annual household income less than 50% of the federal poverty level. WIC eligibility was defined as annual household income less than 185% of the federal poverty level. 19
Immunization status
Immunization status was determined by a reconciliation of the child's hand-held vaccination card (when available) and provider records. Respondents were asked to provide names and addresses of all health care providers who had administered vaccinations to the sampled child. Written consent to contact the provider was also obtained from the respondent. Extensive efforts were made to contact all vaccination providers identified for each participating child in order to identify all vaccinations received by the child. A child was included in the study if immunization status could be determined either through provider report or from a hand-held vaccination record that documented the dates of administration of the vaccines. Immunization status for the vast majority of children was provider-confirmed (88.0% to 95.5%, depending on the site).
Immunization status at 3 months of age was defined as UTD if the child had received one dose each of the diphtheria-tetanus-pertussis (DTP/DTaP), inactivated poliovirus or oral poliovirus (IPV/OPV), haemophilus influenzae type B (Hib), and hepatitis B vaccines (1:1:1:1). The Advisory Committee for Immunization Practices (ACIP) recommends receipt of these vaccines at a health care visit between 2 and 3 months of age. 20 Because our measure of vaccination coverage did not take into account all of the child's visits to providers, we defined a missed opportunity as a visit to a health care provider in which some but not all indicated vaccinations were administered. This definition is narrower than that used in other studies, which were able to identify visits at which no vaccinations were given. 21
Statistical analysis
Data analysis was performed with weights to adjust for study design using SUDAAN, Release 7.5.6. 22 We included only those children for whom a complete report of immunization status could be determined.
Chi-square tests for association were used to assess the relationship between immunization status at 3 months and the independent variables, including sociodemographic characteristics of the child; adult respondent's marital status and age; mother's and father's educational level; respondent's knowledge and attitudes about immunizations; household characteristics (presence of working phone, number of moves since the child was born, number of children Ͻ18 years of age and Ͻ6 years of age in the household, living in public housing); health care coverage of the child at the time of the survey; and the child's access to health care. Only observations with known responses were included for each independent variable in the bivariate analyses (northern Manhattan: 87.6% of responses for all independent variables combined; Detroit: 83.8%, San Diego: 89.9%, and rural Colorado: 92.5%).
We also performed multivariate analysis using logistic regression. Due to the relatively small sample sizes in each community, individual risk factor estimates were unreliable and are not presented here.
Response rates
Overall, 4,828 eligible households were identified (1,177 in northern Manhattan, 1,162 in Detroit, 1,165 in San Diego, and 1,324 in rural Colorado) and information was collected for 3,552 children ages 12-35 months (847 in northern Manhattan, 771 in Detroit, 843 in San Diego, and 1,091 in rural Colorado).
The weighted household response rates, adjusted for relevant differences between respondents and non-respondents, were 85% in northern Manhattan, 84% in Detroit, 79% in San Diego, and 88% in rural Colorado. Provider response rates were slightly lower (76% in northern Manhattan, 78% in Detroit, 80% in San Diego, and 78% in rural Colorado).
RESULTS

Study population
The vast majority of children in northern Manhattan (87.8%), Detroit (87.4%), and San Diego (72.7%) were identified as either African American or Hispanic (Table 1 ). More than half of the households surveyed had two or more preschool children. More than two-thirds of all children at each site reportedly participated in WIC during their first year of life, and the majority of families reportedly lived at or below the federal poverty level, except in rural Colorado. Across all sites, almost all respondents believed that immunizations are important (Ն98%), that immunizations are effective in preventing disease (Ն94%), and that immunizations are safe (Ն94%).
Vaccination coverage
Most children were UTD (1:1:1:1) at 3 months of age (northern Manhattan: 82.4%, Detroit: 70.5%, San Diego: 82.3%, rural Colorado: 75.8%). Very few children at these four sites (3.4% to 7.4%) were completely unvaccinated at 3 months (see Figure) . Of those who were missing one or more vaccines, most had received at least the hepatitis B vaccine. About half of the children who had received the hepatitis B vaccine had received the first dose within seven days of birth (northern Manhattan: 47.5%, Detroit: 62.8%, San Diego: 60.4%, and rural Colorado: 46.6%). The vast majority of all children in the study had received at least one dose of vaccine after discharge from the hospital and therefore had made at least one vaccination visit after hospital discharge: (northern Manhattan: 92.0%, Detroit: 85.6%, San Diego: 90.7%, and rural Colorado: 90.3%).
To examine the extent of missed opportunities, we determined the proportion of children not UTD who had received at least one of the DTP/DTaP, IPV/OPV, Hib, or hepatitis B (other than the birth dose) vaccines: northern Manhattan: 71.5%, Detroit: 65.7%, San Diego: 65.8%, and rural Colorado: 66.7%.
Factors associated with not being UTD at 3 months
Overall, no single demographic or socioeconomic factor was significantly associated with immunization status at 3 months at all four sites. Two factors, however, were significantly associated with underimmunization at three of the four sites: households with Ն2 preschool children and participation in the Food Stamp program (Table 1) . Several other factors were associated with immunization status at two of the four sites: first-born status, respondent's marital status, and mother's educational level. Household income was a significant predictor of immunization status in rural Colorado only. However, in Detroit and San Diego, a greater proportion of children living in severe poverty were underimmunized compared to children living in households with 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4   1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3   1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4   1  2  3 1  2  3 1  2  3 1  2  3 1  2  3   1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4   1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4   1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3   1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3   1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3 1  2  3   1  2  3  4 1  2  3  4 1  2  3  4   1  2  3 1  2  3 1  2  3 1  2  3 1  2  3   1  2  3  4 1  2  3  4 1  2  3  4 1  2  3  4   1  2  3 1  2  3  1  2  3  4 1  2  3  4 1  2  3  4   1  2  3  4 1  2  3  4 incomes above the federal poverty level. At all sites, more children were not UTD who were eligible but not enrolled in WIC than those enrolled in WIC during the first year of life. The association between WIC enrollment and immunization status was statistically significant in San Diego and approached significance at two other sites. Privately insured children were more frequently UTD than uninsured children or those enrolled in Medicaid at each of the four sites, although the association between type of insurance and immunization status was statistically significant only in San Diego and rural Colorado. In rural Colorado, fewer children were vaccinated in the public sector (including health department clinics and community and migrant health centers) than in the private sector. Finally, respondents' beliefs that immunizations are effective, important, and safe tended to be positively associated with UTD status at all four sites, but most of the associations between respondent beliefs and UTD status were not statistically significant ( Table 2 ).
DISCUSSION
We found that most children at these four sites were UTD with vaccinations at 3 months of age and that very few were missing all four vaccines. Because the four sites included in the study were considered medically underserved, we had expected to find relatively low vaccination coverage in these areas. But, in fact, two of the sites had slightly higher vaccination coverage at 3 months than the 1998 national average of 79.21% (95% confidence interval 78.31, 80.11) (Unpublished CDC data, 1998). This finding could be due to the extensive efforts made in this study to contact all providers of each child to get complete vaccination histories, something not done by national surveys to the extent it was done in this survey, as well as to high levels of awareness of the need for immunization by local providers and institutions at these sites. Our finding of higher than expected coverage probably also reflects the positive impact of public health programs implemented at these sites, such as WIC-based interventions, to raise coverage among vulnerable children. We do not fully know about other strategies that may have been used to improve immunization of children at these sites prior to the survey. However, in a separate study using the same data, we found that the rates of participation in the national Vaccines for Children program and use of reminder and recall systems were high among providers of children in the study, although the relationship to coverage varied across the four sites. As in the present study, a recent study conducted in Rhode Island found that coverage level among low-income children compared favorably with statewide and national vaccination rates. 23 Our findings that most respondents believed that immunizations are effective at preventing disease, are important, and are safe may reflect effective public education and parent-provider interactions regarding vaccination. It is important to note, however, that vaccination coverage among children in Detroit was substantially below the national average.
Most of the children who were not UTD (85.6% or more) had received at least one dose of vaccine other than the birth dose of hepatitis B and therefore had made at least one vaccination visit to a provider. This finding, supported by previous research, 11, 24 emphasizes how missed opportuni- ties remain an important barrier to ensuring high vaccination coverage at these sites. A previous analysis from the CHN project by present authors Rosenthal and Yusuf and others assessed factors associated with being UTD at 19-35 months of age and found results different from those we found associated with being UTD at 3 months. 25 Common factors for both age groups included race/ethnicity of the child, first-born status, marital status of the respondent, residence in public housing, and insurance status of the child. However, some factors found to be important at 3 months were not important at 19-35 months, such as the number of preschool children in the household, Food Stamps, maternal education, poverty status, and type of provider. Conversely, some factors associated with underimmunization at 19-35 months were not significant at 3 months, such as belief that immunizations are important, type of provider, transportation problems, having a home phone, and possession of a hand-held vaccination card. Because of the striking differences in risk factors, it is important to note that findings from the present study are helpful for getting children started on time with immunizations, but that factors associated with receiving immunizations may differ by age. 25 Effective practice-based strategies exist for improving childhood vaccination coverage. These include the use of reminder and recall strategies, assessment of vaccination coverage at the provider or clinic level and feedback of information to the provider, and parent and provider education conducted as part of multi-component interventions. 21, 26 Numerous studies have documented the effectiveness of these strategies in raising vaccination coverage among children in various settings, including children in urban and inner-city areas. 21, 26 For example, a recent review of the effectiveness of parent reminder and recall systems found that children exposed to reminders were twice as likely to be UTD with immunizations as children not exposed to such strategies. 21 By improving office practice for assessing children's immunization status during clinical encounters and administering indicated vaccines, reminder and recall systems as well as provider feedback strategies can potentially reduce missed opportunities. [27] [28] [29] This study's additional contribution to the literature is that each of the four sites had differing risk factors, a finding that should be taken into consideration when targeting interventions in other underserved areas. For example, in rural Colorado, risk factors associated with underimmunization at 3 months were not being first-born, living below the poverty level, participation in the Food Stamps program, and having public insurance or no insurance. In San Diego, risk factors associated with underimmunization at 3 months were unmarried respondents, eligible for WIC but not enrolled, participation in the Food Stamps program, and public insurance or no insurance. However, some economic characteristics vary by state, and this variation should be considered. For example, Medicaid eligibility differs by state, which could mask the similarity of the populations. Additionally, the State Children's Health Insurance Program, which provides coverage for uninsured children, was not fully implemented in all states when this study was conducted. Providers and public health practitioners need to be aware of local differences to optimize the benefits of strategies to improve vaccination coverage.
We found that children who were enrolled in WIC during the first year of life and children who were not eligible for WIC tended to have higher vaccination coverage than those who were WIC-eligible but not enrolled. Although the association between WIC participation and immunization status was statistically significant at only one site, at two other sites it approached significance. Additionally, this finding is supported by those of a previous study. 30 Almost all WIC clinics at the four sites (99% to 100%) were implementing immunization promoting strategies at the time of the study, according to unpublished CDC data. Thus, these findings support the importance of expanding prenatal enrollment in WIC to expose more WIC-eligible children to interventions such as assessment of the child's immunization status using a documented record and referral of underimmunized children to their immunization provider or medical home. These strategies are recommended by the Task Force for Community Preventive Services 31 and have been documented in numerous studies to produce improvements in vaccination coverage among children participating in WIC. [32] [33] [34] [35] Improving the enrollment of pregnant women into WIC-based interventions can have an especially important impact on infant immunization status at 3 months. Furthermore, participation in WIC provides important nutritional benefits to the mother and infant.
A limitation of this study is that we did not collect information on why children missed opportunities for vaccinations, which has important implications for the development of intervention strategies. Another limitation is that this study included only four communities, limiting generalizability to a larger population.
Ensuring that children are UTD with immunizations at 3 months is important in preventing vaccine-preventable diseases in medically underserved communities. Our findings give direction for further research, such as an intervention study to determine if getting children to be UTD at 3 months who otherwise would not be would have an impact on vaccine coverage at 2 years of age. Because on-time initiation of vaccinations is significantly associated with being UTD at age 2 years and older, it is crucial that providers and public health practitioners ensure that effective interventions reach those most at risk of getting a late start.
